and European populations, respectively. Here, the spectrum of cADRs to LEV was studied, and HLA-typing in patients with cADRs due to LEV and some who were LEV-tolerant was performed, in an attempt to find an association between HLA and such reactions. 
Introduction
Cutaneous adverse drug reactions (cADRs) are commonly associated with antiepileptic drugs (AEDs) particularly the aromatic Carbamazepine (CBZ), Phenytoin (PHT), Phenobarbitone (PB), and Lamotrigine (LTG). They range from minor maculopapular exanthem (MPE) to severe life-threatening reactions like Drug reaction eosinophilia and systemic symptoms (DRESS), Stevens Johnson Syndrome (SJS) and Toxic epidermal Necrolysis (TEN), and manifest within a few hours to weeks of the AED being initiated. In a study by Sharma et al, out of 500 patients with cADRs with all drugs, anticonvulsants -PHT, CBZ and PB were implicated in 41.6% of patients with maculopapular rashes and 43.8% of life-threatening reactions -TEN and SJS. 1 Although non-aromatic AEDs like Topiramate (TPM) and LEV are thought to be safer, there are several reports of even severe cADRs like SJS, DRESS due to LEV. [2] [3] [4] In 2011, the United States Food and Drug Administration (US-FDA) included serious cADRs as potential safety risk from LEV in both paediatric and adult population. Cutaneous reactions to certain drugs including anticonvulsants have shown to have strong association with specific human leukocyte antigen (HLA) alleles -HLA-B*15:02 with CBZ-related SJS/TEN in the Han-Chinese, HLA-A*31:01 in European people. 6, 7 CBZ has been also found to be the causative drug in many other populations. Therefore, it is now recommended that HLA screening for HLA-B*15:02 be done in the susceptible ethnic groups prior to initiation of the potentially offending drugs. Most of the studies with HLA typing in cADRs due to AEDs have been in CBZ-induced cases or those related to PHT or LTG, probably because of their much more frequent occurrence. In our study, we screened patients on LEV and performed HLA-typing of North Indian patients with a skin reaction to it, in an attempt to find a possible HLA-association with LEV-induced cADR in this population.
Methods

Patient enrolment
Five hundred and eighty-nine consecutive patients of epilepsy on LEV, presenting to the Neurology Outpatient Clinic or Emergency Department of the All India Institute of Medical Sciences (AIIMS) hospital between February 2013 and March 2015 were screened. All those developing skin rash, mucosal ulcers or both, within three months of initiation of LEV were recruited. These patients were all from the North Indian states of Bihar, Uttar Pradesh, Delhi, Haryana or Punjab. Dermatologist's opinion was taken to confirm the cutaneous drug reaction and to classify the same. Twenty-five patients, also from one of the above-mentioned North-Indian states, who had no skin reactions to LEV even after six months of taking the drug were enrolled as controls. A written informed consent was taken from all subjects, and the study was approved by the Institutional Ethics Committee. History, general physical, neurological and dermatological examination findings were recorded in a proforma.
HLA genotyping
5 mL blood sample was drawn from all recruited subjects; De-oxyribonucleic acid (DNA) was extracted and checked for quality and quantity on 0.8% Agarose gel and spectrophotometer. HLA-A, B and DRB1 allele typing was done by Luminex based SSO technology (Lab type SSO HLA-B, A and DRB1 kits).
Statistical analysis
Two-tailed Fisher's exact test was done to determine statistical significance of the difference in carrier-rates between cases of MPE and controls for alleles occurring more than two times in either group. Also, odds ratio (OR) and allele frequency (AF) -number of times the allele is present in the sample divided by twice sample-size, expressed as a percentage -were calculated for these alleles.
If the AF was higher among tolerant controls than cases, the two-tailed Fisher's exact test was done to find statistical significance in the difference of carrier-rates and AFs in the former group and in a healthy North Indian population.
Results
Out of the 589 patients on LEV, 107 were on monotherapy and 482 on polytherapy. In all, eight patients developed cADR to LEV and were recruited as cases; of these, five were on LEV monotherapy and Table 2 . 8, 9 When the Fisher exact test was applied to carrier rates and AFs between the groups, the differences were not statistically significant ( However, the differences in occurrence-rates of alleles between MPE cases and tolerant controls were not statistically significant. Notably, one case of SJS was positive for HLA-B*15:02 in our study, and had been on CBZ for over a year before that without any cutaneous reactions. The four digit alleles of all the 33 subjects have been tabulated (Table 3) . 
Discussion
Cutaneous drug reactions due to LEV are rare, and only case reports and small series are published (Table 4) . [2] [3] [4] [10] [11] [12] [13] [14] [15] In a systematic review of ten randomised controlled trials by Mbizvo et al, adverse effect profile of LEV in patients of drug-resistant epilepsy was studied, and rash due to LEV was reported in only two studies. It was noted that only symptoms affecting more than 5 or 10% of participants of the groups were published in these ten trials. 16 In the study by
Cheung et al, out of 55 patients of cADR due to various AEDs identified over 16.5 years, there was only one patient with rashes due to LEV, though one of the reasons maybe that being a newly introduced AED it may not have been prescribed much in the initial few years.
17
Out of 589 patients screened in our study over two years, there were only eight cases of cADRs -this explains the small sample-size of cases. Two of the patients with skin reactions had SJS -though severe cutaneous drug reactions like SJS/TEN and DRESS are much less common than MPE. Both our SJS patients were on LEV monotherapy at onset of the symptoms therefore likelihood of the reaction being LEV-induced is high; most case-reports of these life-threatening cADRs with LEV are of patients on other drugs also, including AEDs. Association of HLA alleles has been studied mainly in aromatic AEDs, as they are the cause of most cADRs, in particular CBZ, and certain HLA alleles predispose patients of some ethnicities to specific cADRs due to AEDs. In the European and the Chinese populations, presence of the allele HLA-A*31:01 appears to predispose to CBZ-induced DRESS, as found in an international study and meta-analysis. 18 HLA B*15:02 is associated with SJS and TEN due to CBZ intake in Han Chinese population, but not with MPE. 6 Evidence from another meta-analysis of nine case-control studies by Li X et al shows significant association between HLA-A*15:02 and PHT and LTG-induced SJS/TEN. 19 A pilot-study showed that the same allele may be associated with OXC-induced mild cutaneous reactions. 20 It was shown in a prospective study of 252 patients, 5 developed cADRs to OXC. Out of these 5 patients, 1 was positive for HLA-B*15:02. 21 In our study we have noted seen that HLA-A*33:01, though not statistically significant, is present in cases of MPE compared to controls (OR = 6).
The p-values were not significant (0.31), when differences in AF or carrier rates were considered for calculation, and the confidence intervals may have been wide, due to the small sample size of cases. Studies have shown HLA-B* 15:02 to be associated with SJS in Indians as well. Mehta et al found 6 out of 8 CBZ-induced SJS patients from the western state of Gujarat HLA B* 15:02 positive, but none among 10 healthy controls. Other studies were on North and South Indian origin patients in which also a significant association was found between the presence of this allele and SJS due to CBZ. 22, 23 However, one of our SJS patients was positive for HLA-B* 15:02. Interestingly, she had been on CBZ for over a year without any skin or mucosal reactions, and recovered as soon as her LEV was stopped. Since she had tested positive for this allele, she was shifted to Valproate from CBZ. None of the MPE cases came out to be positive for 15:02. The fact that India has a racially diverse population may be an explanation. Also there are probably other factors, like interaction of the HLA molecule with specific T-cell receptors also contributing to a cADR. HLA-A*31:01 was shown to be linked to all types of cutaneous reactions (MPE, DRESS and SJS) in the European population in a genome-wide association based study and Hu et al had four OXC-induced MPE cases positive for HLA-B*15:02 out of nine, significant when compared with population controls. 7, 20 A significant association of HLA-A*24:02 with LTG induced MPE was found in study of 21 Korean patients. 24 Possible protective effects of the presence of HLA-B*40:01 and HLA-B*58:01 have also been demonstrated on the basis of significantly higher rates of occurrence among AED-tolerant controls. 17 We found HLA-A*11:01 positivity in 11 out of the 25 LEV-tolerant controls as against 3 out of eight cases, the AF being 26% and 10% respectively; the AF among healthy controls from the same North Indian states was 12.5%, which may suggest that the presence of this allele may be protective, though not statistically significant. 8 A limitation of our study is that we did not simultaneously recruit healthy population controls. However, we have quoted published AF values from the same population for the alleles found in our cases and controls (Table 2 ). These studies, by Rajalingam et al and Rani et al had HLA-typing of 52 and 90 healthy North-Indian subjects respectively. 8, 9 Another very recent study in the Chinese population, with nine cases of mild rashes due to LEV has also shown no significant association between HLA alleles and LEV-induced cutaneous rashes. 25 Cutaneous reactions to LEV, though quite unusual, have a wide spectrum of phenotypes including severe reactions like SJS/TEN and DRESS. HLA-A*33:01 was higher among MPE cases as compared to tolerant controls whereas HLA-A*11:01 was higher in tolerant controls than MPE cases, although neither association was statistically significant. We did not find any significant association between HLA alleles and LEV induced cutaneous drug rashes but a larger sample-size of cases in a multicentre study may be required in order to confirm the findings.
